ABSTRACT: Several pituitary hormones, including adrenocorticotropin (ACTH), melanotropin (MSH) and b-endorphin, are generated from a common precursor protein, proopiomelanocortin (POMC). In fish, in addition to steroidogenesis of ACTH and melanogenesis of MSH, immunomodulating activity has been found in some POMC-related peptides. To investigate the functions of these peptides in the homologous system, it is necessary to establish a convenient detection method for the peptides. The present study aimed to establish a method for the detection of POMC-related peptides in bigeye tuna Thunnus obesus using a small amount of tissue sample, but not requiring peptide purification. We first determined the nucleotide sequence of tuna POMC cDNA. The cDNA was composed of 1084 base pairs (excluding the poly A tail) that encoded POMC consisting of 222 amino acids. We then fractionated an acid-acetone extract of one pituitary by reverse-phase high performance liquid chromatography (HPLC) and determined the molecular weight of each separated peptide by mass spectrometry. Consequently, we detected eight POMC-related peptides by comparing the values to the deduced amino acid sequence. Thus, the present study enabled the detection of POMC-related peptides from a small amount of tissue without the use of several purification steps.
INTRODUCTION
Proopiomelanocortin (POMC) is a common precursor for several hormonal peptides including adrenocorticotropin (ACTH), melanotropin (MSH), and b-endorphin (EP).
1,2 ACTH stimulates cortisol release, 3 MSH is responsible for pigmentation, 4 and EP exhibits opiate-like analgesic activity, 5 although the analgesic activity has not been confirmed in fishes. In addition to these roles, POMC-related peptides modulate the functions of cells involved in the immune system in mammals. 6, 7 Also, in fishes, a-MSH, b-MSH, b-EP, and the N-terminal peptide of POMC (NPP) have recently been shown to enhance the activity of leukocytes. [8] [9] [10] [11] [12] [13] In teleosts, the amino acid sequence of POMC has been deduced from cDNA nucleotide sequences in chum salmon, 14 rainbow trout, 15 sockeye salmon, 16 carp 12, 17 and tilapia. 18 During posttranslational processing in the pituitary gland, POMC is cleaved into biologically active peptides and some of these peptides are modified by N-terminal acetylation and C-terminal amidation. 1, 2 It is, therefore, necessary to identify POMC-related peptides to demonstrate their effects on fish immune system. However, traditionally, various experimental procedures, including several types of chromatography, were required for purification and sequence determination of peptide hormones. Moreover, purification necessitated the harvesting of a relatively large sample mass. Nucleotide sequence determination PCR-amplified cDNA was inserted into pT7 Blue T (Novagen, Madison, WI, USA) and sequenced on both strands using the Dye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems, Foster City, CA, USA). To compensate for the errors associated with PCR, at least three clones from three independent PCR for clone II and clone III were sequenced. DNASIS-Mac (Hitachi, Yokohama, Japan) was used for processing the sequence, for calculating sequence identity and for sequence alignment.
Mass spectrometric detection of proopiomelanocortin

Pituitary extraction, chromatography and mass spectrometry
One pituitary gland (15 mg) was homogenized and extracted with 100 mL prechilled acid-acetone (HCl : acetone, 1:28 by vol.) at 0°C for 5 min. The residue was re-extracted with 100 mL prechilled 80% acetone. These extracts were combined and added to 15 mL prechilled acetone. After centrifugation, the precipitate was dissolved in 100 mL water and subjected to ultrafiltration using a Microcon-10 (Millipore Ltd, Bedford, MA, USA) to separate it into low-molecular-weight (MW) fraction and high-MW fraction. The resulting fractions were separated by capillary column HPLC on a Hewlett-Packard HP1100 liquid chromatography system (Waldbronn, Germany) using a polyetheretherketone (PEEK) tube (100 mm ¥ 0.25 mm) packed with in-house TSK gel ODS-120T (5 mm particle; Tosoh, Tokyo, Japan) with a linear gradient of acetonitrile containing 0.05% trifluoroacetic acid. The flow from the pump (100 mL/min) was split by a T-connector and the flow towards the HPLC column was regulated at 2 mL/min. Sample (1 mL) was applied via a Valco injection valve placed between the T-connector and the capillary column. The eluate was monitored at 220 nm using a UV detector equipped with a U-shaped cell (model UZ-HP11-CAP; LC Packings, Amsterdam, The Netherlands). The outlet of the UV detector was Here, we report a simple method for the detection of POMC-related peptides in tuna. Namely, following the molecular cloning of POMC cDNA, the peptides in the pituitary extract from a single tuna pituitary gland were separated by reversephase high performance liquid chromatography (HPLC), and the molecular weight of each peptide was determined by mass spectrometry. Finally, tuna POMC-related peptides were detected by comparing their molecular weight to the deduced amino acid sequence.
MATERIALS AND METHODS
Nucleic acid preparation
Pituitaries from bigeye tuna Thunnus obesus were obtained and stored as described previously. 19 Total RNA was prepared from these pituitaries using Isogen (Nippon Gene Co., Ltd, Tokyo, Japan) extracting solution based on the guanidine thiocyanate method. Poly (A)
+ RNA was purified using Oligotex dT 30 super (Takara, Tokyo, Japan). Plasmid DNA was prepared by the alkaline-sodium dodecylsulfate (SDS) method.
20
Reverse transcription
Template for polymerase chain reaction (PCR) was prepared from total RNA at 42°C for 60 min using the First-Strand cDNA Synthesis Kit (Amersham Pharmacia, Buckinghamshire, UK). First-strand cDNA from the 5¢-region was prepared using the 5¢ RACE System for Rapid Amplification of cDNA Ends, Version 2 (Life Technologies, Tokyo, Japan).
Polymerase chain reaction
The primers used for PCR are listed in Table 1 . PCR reaction mixture (50 mL) was prepared with 0.5 mL Takara Ex Taq (2.5 U; Takara, Tokyo, Japan) or SuperTaq DNA polymerase (2.5 U; Sawady Technology, Tokyo, Japan), 5 mL buffer solution, 1 mL first-strand cDNA solution, 1 mL forward primer (10 mM), 1 mL reverse primer (10 mM), 4 mL dNTP solution (10 mM each) and 37.5 mL water. The PCR conditions for amplification of clones I and III (Fig. 1a) were 30 cycles of 40 s at 94°C, 40 s at 51°C and 100 s at 72°C, and a final extension for 5 min at 72°C. The PCR conditions for amplifying clone II (Fig. 1a) were 35 cycles of 60 s at 94°C, 60 s at 51°C and 120 s at 72°C, and a final extension for 5 min at 72°C.
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Table 1 Custom primers for polymerase chain reaction
Primer Sequence
Syntheses of primers were performed by Nihon Gene Research Labs, Inc (Sendai, Japan). The detection of POMC-related peptides in the high-MW fraction is shown in Fig. 3b and Table 2 . Peak 'h' (MW 7318.26) is consistent with NPP based on the conversion of Gln to pyroglutamic acid and the presence of two disulfide bonds.
DISCUSSION
Molecular cloning is a convenient method for deducing the primary structure of hormonal peptides. The deduced primary structure can predict cleavage and modification caused by posttranslational processing, but not all processing events. In contrast, the chemical approach for the characterization of hormonal peptides can directly determine amino acid sequence and modification. However, the chemical approach requires the use of a rather large amount of tissue and complicated procedures, including peptide-specific extraction methods and a combination of several procedures such as gel filtration, ion-exchange chromatography, and reverse-phase HPLC to isolate the peptides. Furthermore, bioassays and/or immunoassays are required for the identification of hormonal peptides in each purification step.
In the present study, as the first step, the nucleotide sequence of tuna POMC cDNA was determined by a combination of 3¢-RACE and 5¢-RACE. Then, the molecular weight of all the materials extracted from a single pituitary was determined by mass spectrometry. Finally, the tuna POMC-related peptides in the tissue were detected by comparing their molecular weight to that deduced from the amino acid sequences. Thus, we demonstrated that once nucleotide sequences are available, it is relatively easy to detect POMC-related peptides by HPLC and mass spectrometry, without the need for other purification procedures. Another significant merit connected to the electrospray interface of the mass spectrometer. The mass spectrum of the eluate was detected by a Q-Tof mass spectrometer (Micromass, Manchester, UK). Typically, 2800 V was applied to the spraying capillary and 50 V to the sample cone. The source temperature was kept at 50°C. The range of total ion current was m/z 100-2000. For the liquid chromatography (LC)-mass spectrometry (MS)/MS experiment, the mass spectrometer was automatically switched from data-dependent MS to MS/MS when the intensity of the precursor ion increased beyond 25 counts/s. Collision energy was 35 V for double charged precursor ion and 25 V for triple charged precursor ion.
Accession number
The accession number of tuna POMC cDNA in the DDBJ/EMBL/GenBank nucleotide sequence databases is AB020971.
RESULTS
Nucleotide sequence of tuna POMC
Polymerase chain reaction using primer A and the Not I primer amplified the 3¢-terminal region including tuna POMC cDNA (415-1084) (clone I, Fig. 1a) . The deduced amino acid sequence contained a corticotropin-like intermediate lobe peptide (CLIP), b-MSH, and b-EP (Fig. 1b) . Based on this nucleotide sequence, primers B and C were synthesized for 5¢-RACE. PCR using primer C and the abridged universal amplification primer amplified tuna POMC cDNA (1-542) (clone II, Fig. 1a) . Clone III encoding POMC cDNA (115-1084) was amplified using primer D based on clone II and the Not I primer. These three PCR-amplified cDNAs were merged to provide the total sequence of tuna POMC cDNA. The resulting cDNA consisted of 1084 base pairs excluding the poly A tail (Fig. 1) .
The tuna POMC cDNA open reading frame encodes 222 amino acid (aa) residues (Fig. 1b) . Amino acids 1-69, 72-111, 151-167 and 170-201 of tuna POMC correspond to NPP, ACTH, b-MSH and b-EP, respectively (Figs 1b,2) . ACTH comprised a-MSH and CLIP. Sequence comparison with POMC from other teleosts 11, [14] [15] [16] [17] [18] revealed that a signal sequence was composed of the first 21 aa of tuna prePOMC (Figs 1b,2) .
Detection of tuna POMC-related peptides
Eight POMC-related peptides were detected in the extract from a single tuna pituitary. The POMC- of this procedure is the use of significantly less sample material as was shown by the successful detection of the peptides from only one pituitary gland.
Recently, in fish, POMC-related peptides were indicated to participate in immunomodulation [8] [9] [10] [11] [12] [13] in addition to the classical cortisol-releasing effect of ACTH on the interrenal gland and the melanindispersing effect of a-MSH on skin and scale. 4, 21 The detection of tuna POMC-related peptides in the present study facilitates evaluation of the 1078
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A Takahashi et al. 12 Di-Ac-a-MSH has also been identified in carp. 12 Based on the tissue-specific processing of POMC in mammals, 1,2 these peptides are probably derived from the melanotrophs in the pars intermedia of the pituitary. However, we did not detect ACTH, b-LPH, or b-EP in the present study. These three peptides are most likely generated in the corticotrophs of the pars distalis of the pituitary. In teleosts such as eel, goldfish, trout and salmon, fewer corticotrophs are found in the pars distalis than melanotrophs in the pars intermedia. 23, 24 Tuna may also have a limited number of corticotrophs, suggesting that the quantity of the corticotroph-derived POMC-related peptides may be under the detectable level of the present system.
It should be noted that tuna POMC, like other teleosts, lacks g-MSH 25 and shows the highest sequence identity (64%) with tilapia POMC (Fig. 2) . This result reflects the taxonomic relationship of these fishes; both are perciformes. The sequence shares 46-53% identity with other POMC from ray-finned fishes, including those from salmonid A, carp, gar and sturgeon. Likewise, the sequence shares 31-32% identity with salmonid B and 40% with lungfish (lobe-finned fishes). The relatively low sequence identity with salmonid B may be due to the occurrence of the salmonid gene by a paralogous event. 25 In summary, we deduced the amino acid sequence of tuna POMC from its cDNA nucleotide sequence. We also separated the extract from a single pituitary by reverse-phase HPLC and determined the molecular weight of the separated peptides by mass spectrometry. Finally, tuna POMC-related peptides were detected by comparing the molecular weight that was estimated from the deduced amino acid sequence of tuna POMC to that observed by mass spectrometry. Thus, the present method enabled the detection of hormonal peptides from a small tissue sample and without the need for several peptide purification steps.
